A b s t r a c t
Introduction
Bronchiectasis is defined as a permanent and abnormal dilation of the bronchi due to destruction of the elastic and muscular components of the bronchial wall [1] . It arises from recurrent transmural inflammation and infection in the bronchi. It is still a great problem in under-developed countries, although its incidence is 0.06% in developed countries [2] . Early stage and localized disease may be controlled through conservative approaches but some patients still need surgery.
Because of the presence of dense pleural adhesions and multiple lymph nodes, the open surgical approach is widely preferred in the surgical treatment of bronchiectasis [3] . The feasibility and safety of pulmonary resection via video-assisted thoracoscopic surgery (VATS) have been established for lung cancer [4] . Unfortunately, there have been few reports regarding the use of VATS in the treatment of benign pulmonary diseases such as bronchiectasis. Moreover, multiple port incisions are observed in these studies [3, 5, 6] .
Aim
In this study, we aimed to investigate the effectiveness and outcomes of the single port VATS method in the surgical treatment of bronchiectasis. To our knowledge, this is the first study reporting surgical treatment of bronchiectasis via the uniportal thoracoscopic approach.
Material and methods
This study was a retrospective review of a prospectively maintained database. The medical records of 15 patients undergoing surgery for bronchiectasis between 2013 and 2017 were reviewed.
High resolution computed tomography (HRCT) was used for making the diagnosis of bronchiectasis (Photo 1). Furthermore, the patients were evaluated for adhesion and scarring with HRCT and their availability for the operation was determined.
The indications for surgical resection included the presence of localized bronchiectasis diagnosed through HRCT and a history of experiencing pulmonary infection requiring antibiotic use at least five times a year. A chronic cough, sputum production irresponsive to medical treatment, and hemoptysis were the other indications for surgery. Patients who had massive hemoptysis were not included in the study. The presence of bilateral diffuse lesions on HRCT or inadequate cardiopulmonary reserve was accepted as a contraindication.
The patients were evaluated according to the age, gender, duration of symptoms, localization, types and duration of the surgery, presence of pleural adhesion, intraoperative complications, amount of intraoperative bleeding, conversion to open surgery, postoperative drainage amount, chest tube removal time, length of hospital stay, mortality and morbidity, follow-up period, duration of narcotic analgesic (NA) usage, pain according to visual analog scale evaluation and satisfaction score.
In order to assess the clinical outcome, patients were given a four-level questionnaire (1 -perfect, 2 -good, 3 -no change, 4 -worse), indicating satisfaction scores in the 3 rd postoperative month. The outcomes of surgery was evaluated according to the following criteria: perfect (complete absence of preoperative symptoms in operated patients); good (marked reduction in preoperative symptoms but needing antibiotic therapy occasionally); no change (no reduction in preoperative symptoms, and no decrease in medical therapy requirements or in hospital admissions); and worse (increase in the exacerbations of the disease that requires hospitalization). The visual analog scale (VAS) score was used to measure the severity of pain at post-operative 24 th , 48 th , and 72 nd h. This method aims to evaluate the level of pain through a horizontal and undivided 0-10 numeral scale, named by the patient, 0 being "no pain" and 10 being "unbearable pain" [7] .
All patients were informed about the surgical procedure, the risks and the complications of the procedure before the operation, and written informed consent was obtained.
Surgical technique
The VATS resection was performed using the uniportal technique. The patients were intubated with a double lumen endotracheal tube and placed in the lateral decubitus position. A utility incision measuring approximately 3-5 cm was performed from the 5. intercostal space in the anterior position. No rib retractor was used. A 10 mm 30-degree thoracoscope (Karl Storz endoscope; Karl Storz, Tuttlingen, Germany) was used to provide a panoramic appearance and it was placed in the anterior part of the Photo 1. High resolution computed tomography (HRCT) was used for making the diagnosis of bronchiectasis incision. Dissecting and holding clamps used in open surgery were placed through the dorsal part of the utility incision. The surgeon was at the anterior side of the patient. First, the pleural space was evaluated for suitability of thoracoscopic anatomical resection.
The dense adhesions between the lung and thorax wall were released through the aid of a small peanut-gauze, spatula-shaped electrocautery and electro-thermal bipolar tissue sealing system (Ligasure, Valleylab Inc., USA) (Photo 2). Pulmonary vessels and bronchi were dissected by an endoscopic linear cutter (Endo GIA, Covidien, USA) (Photos 3 A-C). The specimen was taken out of the incision with the aid of a protective endobag for preventing contamination. After meticulous air leak and hemorrhage control, the thorax was closed with a single chest drain placed through the posterior part of the incision (Photo 3 D). All patients were given analgesia, prophylactic antibiotics and chest physiotherapy with other supportive modalities. Paracetamol was administered as the primary choice of analgesic medication in the early postoperative period. It was administered intravenously according to the severity of the pain. Tramadol hydrochloride was added only if the patient felt pain despite an adequate dose of paracetamol.
Statistical analysis
Postoperative data on clinical outcomes were collected and analyzed retrospectively and the findings were analyzed with SPSS software (SPSS Inc., Chicago, IL, USA), using the mean and standard deviation (SD) with 95% confidence interval (CI). Frequency and percentage were calculated for gender, smoking status, comorbidity and presence of pleural adhesion.
Results
A total of 15 patients initially underwent single port VATS pulmonary anatomic resection and 14 procedures were completed with thoracoscopy. In one patient thoracotomy was necessary because of severe adhesions and the conversion rate was 6.6%. The mean age of 14 patients was 34.5 ±12.1 (range: 16-59 years) years and of the patients, 8 (57.1%) were male and 6 (42.8%) were female.
The presenting symptoms included productive cough in 7 (50%) patients, excessive sputum production in 6 (42.8%) patients, and hemoptysis in 4 (28.5%) patients. The mean duration of symptoms was 21.3 months. There were 3 patients who had a positive microorganism that was obtained from preoperative sputum cultures in study. These patients underwent surgery after completing an adequate antibiotic regimen. A total of 3 (21.4%) patients had comorbidities which included 1 (7.1%) patient with asthma, 1 (7.1%) patient with chronic obstructive pulmonary disease (COPD), and 1 (7.1%) patient with diabetes mellitus and hypertension. One patient had a previous history of tuberculosis. The demographic data of the included patients are presented in Table I .
When we evaluate 14 patients in terms of anatomic resection, 6 patients underwent left lower lo- Table II .
The mean duration of chest tube was 3.57 ±1.65 days and the mean drainage amount was 367.8 ±151.4 ml (range: 100-650 ml). The mean length of hospital stay was 4.78 ±1.52 days.
The We experienced postoperative complications in two patients including atelectasis in 1 patient and prolonged air leak in the other. Atelectasis was treated with fiberoptic bronchoscopy by removing the large mucus plaque which obstructed the left upper lobe bronchus. Autologous blood pleurodesis was chosen as the curative option for the management of prolonged air leak. There was no intraoperative or postoperative mortality. Follow-up was completed in all patients (100%) with a mean of 14.7 months (range: 6-30 months). Score of the patient satisfaction questionnaire in 3 rd postoperative month was 1.14 ±0.36. Twelve (85.7%) patients were "perfect" after the operation, 2 (14.2%) "good", and 0 (0%) reported "no change or worse". The postoperative outcomes are shown in Table III .
Discussion
Bronchiectasis is a disease, most often secondary to an infectious process, that results in the abnormal and permanent distortion of one or more of the conducting bronchi or airways [8] . The improvements in treatment of pulmonary infections have reduced the incidence of bronchiectasis and thereby the need for surgical treatment. However, this issue still continues to be a health problem in developing countries [9] .
The goal of the surgery is to improve the quality of life of the patient and provide complete resection [10] . Surgical resection enables removal of the lung tissue composed of non-functioning bronchi, and the localized bronchiectasis fields are removed so as not to impair the structure of the neighboring tissues [11] .
The patients were evaluated with a flexible bronchoscope for the removal of secretions and for ruling out foreign bodies or endobronchial lesions. The bronchial aspirate and sputum were cultured routinely for pyogenic and tubercular bacilli. It is important to rule out bronchial obstruction secondary to a tumor or aspirated foreign body prior to attempting resection. If severe airway inflammation is found at the time of bronchoscopy, surgical therapy may be delayed until infection control is optimized.
The HRCT examination was performed to evaluate the compatibility of the patients with regards to adhesions and scar formation and also to determine the potential risks. It is the gold standard for radiologic diagnosis and location of bronchiectasis [6] . This imaging modality can detect the distribution of bronchiectatic alterations with only 2% false-negative and 1% false-positive rates [12] . Several important differences exist between anatomic resection for bronchiectasis and resection for malignancy. Typically, severe adhesions are seen in the chest wall, hilus and fissure in inflammatory dis- eases, and this condition is the most important factor limiting VATS resection [6] . One study reported that all benign pulmonary disease could be explored thoracoscopically; however, it was mentioned that the feasibility of resection depended on the local anatomic situation, especially adhesions [13] . Furthermore, the approach to the pulmonary arteries through the fissure may be challenging because of these adhesions and enlarged lymph nodes. The fissure may be incomplete or the bronchus and artery may be combined together.
Major complications such as bleeding may occur during the VATS procedure. This is one of the main reasons for hesitation about VATS among thoracic surgeons and thus the majority of surgeons prefer the open surgery approach in surgical treatment of bronchiectasis. However, a surgeon who has completed the learning curve can safely complete the procedure. In our study, an injury in a branch of the pulmonary artery occurred during dissection and the bleeding was controlled without requiring thoracotomy.
Compared with the right bronchus, the left bronchus has a narrower diameter, and longer mediastinal course. This is the reason for bronchiectasis being seen more commonly in the left lower lobe. The left lower lobectomy was the most common (42%) resection localization in our study.
Since the late 1990s, VATS technique has been applied in the treatment of many other types of esophageal, mediastinal and pulmonary diseases [4, 14] . The role of VATS has expanded substantially following the proof of causing less pain, shorter duration of hospitalization, and esthetically advantageous results [13, 15, 16] . Despite the expanding indications and advantages for VATS in thoracic surgery, reports on the use of minimally invasive techniques to accomplish surgical treatment of bronchiectasis are limited [17, 18] . Today, open surgery is widely used for anatomic resection of bronchiectasis. Unlike other thoracoscopic approaches for the treatment of bronchiectasis, this is the first study reporting the anatomic resection of bronchiectasis via the uniportal thoracoscopic approach.
Minimally invasive approaches generally soften the surgical trauma by reducing the severity of the inflammatory response. VATS allows resection via a smaller incision without separating the ribs and damaging muscle tissue. This leads to reduction of the intensity and the duration of postoperative pain, allowing patients to return to full recovery more quickly [16, 19] . Zhang et al. [18] compared multiportal VATS and thoracotomy approaches in cases with bronchiectasis in terms of the pain score and reported better results in the VATS group. In another study, Baysungur et al. reported that the postoperative pain was less in patients who underwent VATS lobectomy [17] In addition, VATS is an advantageous method over traditional surgical techniques due to faster postoperative recovery and a shorter length of hospital stay [16, 18] . Although our study lacked a control group, it could be considered as a short hospital stay (4.78 ±1.52 days) in comparison to other publications about VATS.
Patients who undergo VATS have a better quality of life due to less postoperative pain and faster return to daily activity [20, 21] . Similarly, our study found that patients had high levels of overall satisfaction in the 3 rd postoperative month (perfect 85.7%, good 14.2% and no change or worse 0%). In these patients, VATS led to significant improvement in the quality of life.
One major advantage of VATS resection is that it may be ideal for selected older patients with multiple comorbidities who would otherwise not be candidates for resection through a thoracotomy approach, as it is better tolerated owing to less chest wall injury and better preservation of postoperative lung function [22, 23] . Brunelli et al. detected smaller changes in respiratory function values following the uniportal approach in patients who had lower cardiopulmonary reserve. They demonstrated that the uniportal approach increased the operability compared to conventional methods in high-risk patients with low respiratory function [24] .
There are limited long-term outcome data for bronchiectasis patients after surgery.
In the literature, surgical treatment of bronchiectasis by a thoracotomy approach has a complication rate of between 9.4% and 24.6% and a mortality rate as high as 3.4% [7, 25] . In our series, the rate was 14.2%, similar to rates in the literature. We had one patient with prolonged air leak and one patient with atelectasis.
This retrospective study has several limitations, such as the small sample size and the absence of a control group, making these results preliminary.
A multicenter randomized controlled trial study with a larger sample size would be a logical next step.
Conclusions
Uniportal VATS seems to be a safe, feasible and effective technique for selected bronchiectasis patients. Fast recovery, early relief from postoperative pain, and cosmetic results are important advantages observed in this technique. Nevertheless, future prospective randomized controlled trials should be performed to confirm these preliminary results and to demonstrate the short-and long-term treatment effectiveness.
